The intestinal epithelium of Lumbricus consists of ciliated and gland cells. The former show striking histological features in the form of intracellular fibrils, pore-rings and variation (pro bably phasic) in appearance of the free border. The appearance of the epithelium during the expulsion of secretion is described, a process involving co-ordinated changes in both glands and ciliated cells. This process (referred to as extrusion) varies, and depending on the speed at which it proceeds, the two categories of restricted and unrestricted extrusion are defined. In both types ciliated cells assist glands in extrusion, but under certain conditions the events in both kinds of cell may occur independently.
(Communicated by H. Graham Cannon,
-Received 27 June 1947) [Plate 18] The intestinal epithelium of Lumbricus consists of ciliated and gland cells. The former show striking histological features in the form of intracellular fibrils, pore-rings and variation (pro bably phasic) in appearance of the free border. The appearance of the epithelium during the expulsion of secretion is described, a process involving co-ordinated changes in both glands and ciliated cells. This process (referred to as extrusion) varies, and depending on the speed at which it proceeds, the two categories of restricted and unrestricted extrusion are defined. In both types ciliated cells assist glands in extrusion, but under certain conditions the events in both kinds of cell may occur independently. It is argued that contraction of the intracellular fibrils would account for all the observed deformations of the ciliated cells during extrusion, and the suggestion that the contractility of the ciliated cells is vested in their fibrils is supported by some other evidence. With this as a nucleus, a suggested mechanism of extrusion is described. The significance of the variable behaviour of the glands dining extrusion is considered in relation to existing theories of extrusion, and the classification of glands into holocrine and merocrine.
I ntroduction
Recently it was shown th at the gland cells in the intestinal lining of Lumbricus, produce a proteolytic juice, and in response to the stimulation of secretory nerves, many lose a great part of their substance within 30 min, (Millott 1944 )* The intestinal epithelium is composed of ciliated and glandular cells, each of the latter beirig surrounded by a sheath (figure 1) composed commonly of four or five of the former. I t is subject to phasic change (see p. 366), its characters, especially those of the free border, undergoing alteration under varying physiological conditions. In certain of these phases, the free tips of the gland cells are completely over-arched by the free ends of the ciliated cells, which thus form a continuous cover over them. This was noted by Greenwood (1892) who, in addition, observed th at at certain phases the covering border was penetrated by inconspicuous openings. I t is natural to suspect th a t the liberation of secretion is correlated with changes in the free ends of the ciliated cells, and may therefore take place during certain of these phases only. Both Greenwood (1892) and Gurwitsch (1901) hint strongly at the idea, but their evidence is insufficient. I t is the object of this account to examine the question of the discharge of secretion in the light of new evidence.
T erm inology
A survey of literature reveals divergence and confusion in the use of the word 'secretion'. I t has been used by the majority of workers not only to denote both the process and its product, but also in a varying sense when applied to the former.
especially Bowen (1926a, b) , although Renaut (1911) , elected to introduce yet another term, viz. 'excretion ex o cellu laireO th ers, however, have distinguished between secretion and excretion on the basis of relative usefulness of the substances concerned, 'excretion' being reserved for the elimination of waste, 'secretion', for the elimination of substances which are useful.
I t is the discharge of formed products from their formative cells which is studied here, and therefore the equivalent of 'secretion' as used by Matthews, 'excretion' by Ranvier, Bowen, etc., and 'extrusion' by Hirsch. In view of the confusion existing over the use of 'secretion', and the widespread association of 'excretion' specifically with the elimination of waste, I propose to refer to the process as ' extrusion '.
Methods
The investigation is essentially a combination of observations on living material under experimental conditions, and on sections of fixed material. By such means it has been possible to discover the precise sequence of events in extrusion. Further, it has been possible to avoid the assumptions concerning the direction of the observed changes, which are inherent in much previous work based on the arbitrary arrangement in series of the different appearances of fixed glands. At the same time, the usefulness of sections of fixed material in elucidating minute structures, has been fully exploited, and correlation of the two approaches proved invaluable in segre gating fixation artefacts. Accordingly, the methods employed for observation fall into two categories: (a) for living material, and (6) for fixed material.
(a) Living material
Portions of the intestine of earthworms either fresh from the soil or after 1 to 5 days starvation were excised and pieces approximately 1 mm. square were reduced to a thin layer with the minimum amount of teasing. The tissue was examined under a supported coverslip, in frog Ringer diluted with one-third of its volume of distilled water (for the suitability of this fluid see Millott 1943) . As a control similar preparations were mounted either in coelomic fluid from the same worm withdrawn from the same region of the coelom as th a t from which the intestine had been removed, or in blood withdrawn from the hearts of the same worm by means of a fine pipette. Preparations apparently retained their normal condition for several hours, and were therefore allowed to settle down for 30 min. to 1 hr. before examination.
Most preparations were stained supra-vitally by addition of neutral red to the modified Ringer a t this stage. A few were stained for mitochondria in 1:10,000 to 1:20,000 solutions of Janus Green B (G. T. Gurr) or Janus Green Vital (E. Gurr) dissolved in modified Ringer. The tissues were examined under yg-i11-oil immersion objectives, and if focusing was observed to exert any pressure, the preparation was rejected. When preparations were examined in modified Ringer, it was replaced by fresh fluid at frequent intervals.
(b) Fixed material
Whole worms were fixed in Bouin's or Duboscq-Brasil's solutions, small pieces of excised intestine were fixed in the following fluids: saline Flemming without acetic (Young 1935; Gatenby 1937) , Champy, Benda, Altmann, Mann, Schridde, Helly (with neutral formol), Zenker, Bouin, and Goodrich's modified Bouin (Goodrich 1919) .
To reproduce experimental conditions, many of the excised pieces were bathed in modified Ringer before fixation, or this fluid was injected into an isolated pocket of gut (see Millott 1944 ) from which the piece to be fixed was subsequently removed.
Worms were fixed during starvation, during feeding, and at varying intervals afterwards.
Paraffin sections were cut at 4 to 10/4 in frontal, sagittal and transverse planes, and stained in Heidenhain's iron alum haematoxylin. Where material had been fixed in saline Flemming, Gatenby's method for cell inclusions (Gatenby 1937) was followed.
Since it has been possible to compare the appearance of the intestinal epithelium in fixed material and in large numbers of living preparations, it is justifiable to comment on the pre-eminently faithful fixation of cytoplasm given in all but one respect by saline Flemming without acetic (see p. 378). Champy also gave extremely faithful fixation of cytoplasm, and yet it is remarkable th a t these two fixatives, alone of those used, occasionally produced an appearance similar to extrusion, which I cannot consider other than an artefact (see p. 378). Benda's method of fixa tion (Benda 1899 (Benda , 1901 , in combination with iron haematoxylin, gave astonishing prominence to the intracellular fibrils of the ciliated cells (see figure 2, and figures 3 and 4, plate 18), whilst Bouin and Duboscq-Brasil, by giving sharp staining by haematoxylin, proved useful in studying details of the fibrillar system.
T h e structure of th e in t est in a l lin in g
The general histological features of the intestinal lining have already been described in fixed material from various lumbricids, by several authors (see Millott 1944) , whose works may be consulted for a general description, but as the process of extrusion in Lumbricus has been found to involve the whole epithelium, rather than the gland cells alone, it is necessary to consider in detail certain features having special significance, some of which have been elucidated for the first time.
The ciliated cells
The epithelial border is usually formed by the free ends of these cells over-arching the gland cells which they can completely enclose (figure 1). In fixed material the free end of each ciliated cell, is sometimes differentiated into three distinct zones, which, as a result of the similar differentiation of their neighbours, form three more or less regular and apparently continuous bands around the epithelial border.
The outer zone ( o . z. in figures 1 and 2), called by Greenwood the ' basal band ', by Dequal (1910) , in the corresponding cells of Octoclasium, the 'orlo a spazzola', is also distinguished during fife, stains lightly in iron haematoxylin, and is con spicuous in fixed material by its vertical striations which though corresponding in Beneath the basal granules is the third, and inner zone (hb.z. figures 1, 2 and 3), distinguished in previous accounts of ciliated cells by a variety of names, such as 'hyaline zone' (Greenwood 1892) , 'angrenzende Zone' (Gurwitsch 1901), 'trans parent zone' (Saguchi 1917) , 'sub-cuticular zone' (Grave & Schmitt 1925) , and 'hypobasal zone' (Kindred 1927) . In Lumbricus this zone is distinguishable only in sections, varies greatly in appearance, distinctness and extent (1 to 12ft deep), and stains either faintly, so as scarcely to be distinguished, or uniformly and intensely, so as to be distinguished easily (figure 1, right), or in a variegated fashion (figure 1, left), often so pronounced as to give the free border the appearance of an intricate lace pattern. As its appearance is not sufficiently constant to justify the choice of any of the purely descriptive names previously given, it is proposed to retain the term 'hypobasal zone'. Such a choice avoids the assumption implicit in the use of 'subcuticular zone'.
Beneath the hypobasal zone, the only histological feature significant in this account, is the presence of intracellular fibrils (figures 1, 2, 3 and 4, i.f.), which are visible in both living and fixed material, and in the latter they may be traced through the cytoplasm from hypobasal zone to basement membrane, on which they are inserted by fends which are occasionally distinctly forked (figure 2). In sections they range in form from compactly fibrillar to moniliform or granular (see figure 1 , and compare also Englemann 1880; Van Beneden, Heidenhain 1911) , and in pro minence from inconspicuous to dominant, even in the same preparation. After fixation by Benda's method, they attain great prominence (figures 2, 3 and 4). The variation is due to a varying affinity for iron haematoxylin, but not entirely so, for fibrils may attain a certain definiteness and yet remain unstained.
In fixed preparations when the hypobasal zone is shallow, certain of the fibrils can be traced through it into close association with the basal granules and cilia, but when this zone is conspicuous and stains intensely it is not possible to trace them further than the boundary between the hypobasal zone and general cytoplasm. The close relationship between fibrils and basal granules, confirms the earlier observations of Rio-Hortega (1917) on the same cells of Lumbricus agricola ( -terrestris^.) .
The most remarkable feature of the intracellular fibrillar apparatus, however, is frequently seen in the region where the ciliated cells arch over a gland cell, for here a well-defined ring (figures 1 and 5, p.r.) loops throu binding several ciliated cells together by their contiguous portions. Certain of the fibrils situated in the part of the cells abutting on the enclosed gland join the ring and so through it are continuous from cell to cell. This ring, which I propose to call the 'pore-ring' (for reasons th a t will be obvious later), was originally desoribed by Gurwitsch (1901) and later by Schneider (1908) , though both give but a brief description and do not indicate any connexion between the pore-ring and fibrillar apparatus.
The pore-ring varies in diameter from 1 to usually stains intensely in ironhaematoxylin, but owing to its situation it is sometimes pressed closely to the neck of the gland cell and hence appears to be a localized thickening of the cell membrane. This may acdount for the failure of previous authors to make its precise relations clear, but appearances such as those shown in figure i leave but little doubt in the matter. Very rarely two rings are present (figure 8), but I could not decide whether they were truly separate, or merely two turns of a close spiral. Pore-rings are rarely visible in life, but on two occasions I saw unmistakable indications of them, as judged by their position and relation to the intracellular fibrils.
Concerning their position, I cannot agree with Schneider who states th at they are found a t the level of the basal granules, for pore-rings are always situated in the hypobasal zone, and despite his contention th a t they are not always easy to see, after careful examination of fixed material, I have come to the conclusion th a t they are often missing. I t is noteworthy th at they are always indistinguishable where the hypobasal zone is inconspicuous, or absent, but the converse does not hold, for they are often invisible when this zone is well developed. This may indicate th a t a certain degree of development of the zone is necessary for the rings to be formed.
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The gland cells
These are very variable in size, form, relative prominence and number of inclu sions, as noted by Greenwood (1892) . The variation has been described more fully in a previous account (Millott 1944) and is now known to be correlated with the discharge of a proteolytic ferment, for it was there shown th a t the conspicuous inclusions described by Greenwood, and presumed to be zymogen granules, dis appeared from the cells as the proteolytic power of the intestinal juice increased. Greenwood's conjecture concerning their function is therefore confirmed.
The inclusions (described as 'granules' from their appearance in fixed material) are enclosed in vacuoles (see also Greenwood 1892; Schneider 1908; Millott 1944) , and obviously correspond to the similarly named bodies seen in many other gland cells (see Renaut, 1911) . Their reaction to neutral red in vivo is noteworthy, for they stain either homogeneously, red, yellow, or intermediate colours (figure 6, or heterogeneously (figure 6, het.v.) , some parts staining m or even in different colours.
I t is significant th a t the walls of the vacuoles may stain very differently from the inclusions, a feature reminiscent of R enaut's 'lipocrine secretion' (see Renaut 1911), indeed, often the wall reacts alkaline to neutral red, and the contents acid.
A remarkable feature of the epithelium is the investment of the glands by a sheath of four or five ciliated cells (noted originally by Willem & Minne 1899). The investment is sometimes complete (figures 6 and 7 ,1), but frequently, as also noted by Schneider in the corresponding epithelium of Eisenia, the end of the gland nearest the free border is drawn out into a long neck or papilla (p, figures 1 and 2), which becomes intercalated between the free ends of the ciliated cells and may even reach the lumen. This happens in the manner described later (p. 368).
Discussion
The most remarkable features of the epithelium are both associated with the ciliated cells, viz. the presence of a complex fibrillar apparatus and associated porerings, and the variable appearance of the free border. Concerning the former similar fibrils in epithelial and especially ciliated cells have been described in widely different forms by many workers, but their prominence in Lumbricus after Benda fixation is astonishing, and recalls similar structures prominently displayed in these and other epithelial cells by the Achucarro and Rio-Hortega methods (Rio-Hortega 1917)* The classical accounts of these fibrils are those of Englemann (1880), Heidenhain (1911), and Rio-Hortega (1917) . Englemann regarded them as continuous with the basal granules, Rio-Hortega confirmed this association, and the former's conception of the fibrils as ciliary rootlets has received wide adoption. Fibrils in the intestinal ciliated cells of earthworms, have previously been described in Octoclasium by Dequal (1910) , in Eisenia by Sch Lumbricus agricola by Rio-Hortega (1917) , and in unidentified worms by Joseph (1902) . Rio-Hortega describes how the fibrils may converge in the central, zone of the cell to form a thickened strand ('cordon fibrilar'), as a result of which, since they remain separate at the base and apex of each cell, basal and apical cones arise. I have not found genuine evidence of Rio-Hortega's 'cordon fibrilar' in Lumbricus terrestris and in this my findings agree with those of Joseph and Schneider, although shrinkage due to fixation may bring about a varying degree of approximation of the fibrils in the central zone of the cell (see figure 4) . However, apart from this, the fibrils have been found to differ from existing descriptions of such structures both in earthworm and other forms in several respects. Firstly, the connexion between some of the fibrils and the pore-rings has been noted here for the first tim e; secondly, I cannot confirm the permanent continuity of any of the fibrils and basal granules; and thirdly, in common with previous workers in earth worms, I have not been able to discern any cross-striation in the fibrils like th at described by Heidenhain (i^i i ), in certain ciliated cells of salamanders.
The fact th a t the fibrils appear unmistakably clear in fife, is most significant, and agrees with the similar observations made by Vignon (1901) , and Grave & Schmitt (1925) on living ciliated cells of the gills of M y a and Lampsilis, tentacles tella, and the marginal cells of the nephrostome of Lumbricus, etc. On the other hand, these observations are in sharp contrast with those of Carter (1924 Carter ( , 1926 , who did not see fibrils in the velar cells of either living or fixed nudibranch larvae, and only in fixed material in the cells bearing the lateral cilia of Mytilus gills.
Despite their variable form, their constant occurrence and prominence in fixed preparations and especially their appearance in fife indicate th a t the fibrils in Lumbricus are not artefacts of fixation. The status of such structures has occasioned endless controversy (for critical review of the earlier work see Wilson 1928, and especially Heidenhain 1911) . Biitschli (1894) denied the existence of fibrilar structures in general, believing they were formed of the mesh work between lines of alveoli, Kolaev (1910) and Saguchi (1917) , extending this conception, believed th a t the fibrils were formed by the deeply staining, longitudinal shafts of a cyto plasmic reticulum, Rabl-Ruckhard (1868) and Leydig (1883), regarded them as folds of the cell membrane. In my preparations the clear discreteness of the fibrils in transverse sections of the ciliated cells invalidates such an explanation. Concerning the former view, it is significant th at quite apart from the question of whether such a reticulum exists in fife, the evidence for it, as expounded by Kolaev and quoted by Saguchi, has a damaging weakness, because he states: f. . .wahrend die Querbalken schwacher ausgebildet sind, infolge dessen sie nicht immer wahmehmbar ist.' Such an interpretation of the fibrils in the ciliated cells of earthworm intestine cannot be accepted, for not only are no connexions visible between them in fixed preparatipns, but they are clearly discrete in the living state.
Other workers, notably Benda (see Heidenhain 1911) believed the intracellular fibrils to be formed of mitochondria arranged in rows and the possibility of the intracellular fibrils of the earthworm being composed of such bodies, or at least associated with them, would appear to be supported by their marked affinity for iron-haematoxylin after Benda's formol-chrome fixation. However, such a sugges tion is weakened, not only by their inconstant granulation, even after fixation with a mitochondrial fixative such as Schridde's fluid, but also by their persistence and prominence after fixation in fluids containing alcohol and acetic acid, and especially 1 by their refusal to respond to supra-vital staining in 1:10,000 to 1:20,000 solutions of Janus Green B or Janus Green Vital.
In the light of more recent researches into fibril structure (Meyer 1929; Meyer & Mark 1930; v. Muralt 1933; Bear, Schmitt & Young 1937; Bernal 1938; Astbury 1947) , especially as the intracellular fibrils described here are well differentiated and either contractile or elastic (see p. 374), one would expect them to yield evidence of a linear, or at least orderly, arrangement of some or all of their molecules. Since no attem pt has been made to investigate their ultrastructure, this remains nothing more than a possibility, though it is noteworthy th at intracellular fibrils in other forms (see Englemann 1880 ; Schmidt 1931; Schmitt 1939) , similar in disposition to those described here, have long been known to give possible indicatipns of an orientated ultrastructure by their birefringence and dichroism.
Concerning the changes in the free border of the epithelium, I cannot, for the moment, do more than confirm generally, the observations of Greenwood (1892), Gurwitsch (1901) and Joseph (1902) in relation to * the nature and extent of the variation. Although their views diverge in detail, they agree th at the free border can lose its cilia and basal granules. I have observed the variations they describe in both living and fixed material, and in the same preparation or section, ciliation may be well developed, sparse, or completely lacking, basal granules may be clearly defined or indistinguishable, the outer zone may be hyaline, sparsely, or densely striated, and the hypobasal zone, deep, shallow, or even indistinguishable.
The changes described by Gurwitsch are more extensive than those noted by the other two, for he mentions the ultimate disorganization of the outer zone: 'Der Stabchensaum ist nun ganz niedrig und unregelmassig, der Flimmerbesatz bis auf einen relativ sparlichen Rest reducirt; . . . ' I have frequently seen this, but in some sections of fixed material the outer, middle, and part of the hypobasal, zones had disappeared completely, leaving the papillae of the gland cells, the pore-rings, and part of the hypobasal layer, exposed to the lumen. In view of its occurrence in fixed material only, it is tempting to ascribe this phenomenon to bad fixation, but such a view is questionable, for not only was the fixation generally faithful, and the affected cells well fixed in other respects, but regions of the epithelium alongside, showed a complete and unmutilated border. I t is further significant, th at what appeared to be progressive stages in disorganization of the border could be picked out in many sections. Nevertheless, it is emphasized, th a t I have not yet seen such a degree of change in living preparations under experimental conditions. W hether the changes are truly phasic as suggested by Greenwood, or not, must remain an open question, for it is significant th a t no observer has claimed to see the changes actually occurring in life, and it is noteworthy th a t all the changes described hitherto are conjectural, and based on the arrangement in series of different appear ances' in both living and fixed preparations, chiefly the latter. Greenwood con jectured th a t the cilia were retractile, and Joseph, whilst admitting he had not observed the outgrowth of cilia, postulated th a t they sprouted from the basal granules, passing through rodlets in the outer zone.
The variation of the free border is unquestionable, and unless it is assumed that the intestinal epithelium of the earthworm contains many types of cell, identical but for the characters of their free border, which grade almost imperceptibly into one another, an explanation such as th a t advanced by Greenwood is difficult to avoid. I t is possible th at the ciliated cells degenerate and are continually replaced, but this raises the question of replacing cells, for it is certain th a t they would have to appear in large numbers. Replacing cells have been described by Vejdovsky (1905) , Joseph mentions £ Ersatz-zellen ' lying deeply in the epithelium, but Schneider accepts them only with reserve, Greenwood could not establish their constant occurrence, and their presence is doubted by Sterling (1908). They are not mentioned by any other author, and I have failed to find any trace of them.
A comparable variation in the structure of epithelial borders has been recorded in other forms, notably Hydra (Greenwood 1888), Teredo (Potts 1923) , and especially Jorunna (Millott 1937) .
Finally Gurwitsch makes the most interesting observation th at the changes he describes in the free border of the ciliated cells, go hand in hand with the extrusion of secretion from the gland cells: 'Die Driisenzellen entleeren sich nun allmahlich vollstandig und Hand in Hand damit geht auch eine weitere Umwandlung der Flimmerzellen vor sich. . .
Such an observation, when correlated with my own on fixed material, appears, a t first sight, to afford a completely satisfying explanation of the disorganization of the free border, and of the way in which secretion formed by the gland cells finds its way o u t; for the gland cells exposed by the disorganization of the border, would be able to extrude their secretion freely into the lumen. Ju st how far this is valid, may be gauged from an observation of the actual process of extrusion.
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The process of extrusion
The sequence of events
When preparations of living intestinal epithelium are observed in modified Ringer's solution a number of gland cells begin to extrude. In many instances, the process starts immediately on mounting the preparation, no doubt as a result of the unavoidable mechanical stimulation, since the gland cells have already been shown to be excitable and to respond readily to nerve stimulation (Millott 1944) . In preparations which have been given time to settle down (see p. 360), from time to time gland cells will start to extrude, without any obvious external stimulus, especially when they are heavily laden with zymogen vacuoles. I t is proposed to begin by describing the events observed in two instances in small portions of intestinal epithelium mounted in modified Ringer and stained in neutral red. Later, the significant variations encountered during the course of numerous observations, will be described.
The sequence of events in the first instance, illustrated in figure 6 is as follows :
Stage I This immediately follows the condition of apparent rest in which the gland is completely enclosed by the ciliated cells^ the outer zone of the epithelial border is continuous, and there is no trace of any channel or pore between the contiguous tips of the ciliated cells. At first the tip of the gland begins to swell, due partly at least to the transference of cytoplasm from the middle zone, which is progressively constricted as the ciliated cells begin to bulge into it.
Stage I I
The rounded tip of the gland grows out towards the lumen as a small papilla ( .) which is insinuated between the tips of the ciliated cells, and appearing to force them apart, eventually bulges to the exterior through a small gap in the free border, as a clear rounded mass of cytoplasm. At the same time, a number of zymogen vacuoles ('granules') near the tip begin to swell, their contents becoming more translucent as they increase in size. Simultaneously, changes are observed in the ciliated cells; they begin to shorten, more markedly at first in the middle of thenfree ends, so th at a shallow invagination (inv.) arises.
Stage I I I
As the papilla moves outwards between the tips of the ciliated cells, by now widely separated, the gland cell gradually changes shape and shrinks, not evenly but rather abruptly at about the middle of its height. The ciliated cells appear to 'elbow' into its sides at this level, forming a constriction, and at the same time the invagination of their border becomes more pronounced.
Stage I V
Zymogen vacuoles now begin to move into the papilla, which rapidly changes form as it increases in size, and it is evident th at the whole upper region of the gland is beginning to flow out. The invagination of the ciliated cells deepens as they continue to shorten and change shape, pushing further into the middle of the gland and increasing the constriction. A few of their cilia, hitherto all very active, begin to beat more feebly, especially those alongside the papilla where they tend to adhere to its cytoplasmic envelope.
Stage V
The whole cytoplasm and contained vacuoles of the upper half of the cell appear to be squeezed to the exterior through the wide gap between the tips of the ciliated cells and the extruded cytoplasm and contained vacuoles show signs of swelling and dispersion, following breakdown of the envelope (e.). The cytoplasm of the basal portion, which is free from zymogen vacuoles and usually contains the nucleus, rounds off, separating from the portion being extruded by a newly formed membrane ( m. ). Meanwhile the ciliated cells are still shortening, the invagination appears like a deep fissure lined by cilia, which gradually become stationary and flaccid. The outer zone and basal granules are no longer distinguishable along the invaginated border.
Stage V I
The cytoplasm outside the newly formed membrane undergoes complete dissolu tion, liberating the contents of the vacuoles, which swell rapidly, their outer zones a t first becoming progressively fainter, while the diminishing centre remains relatively dense and conspicuous, until finally they disappear. Masses of such contents extruded from glands nearby collect along the border of the epithelium.
The ciliated cells then begin to return to their normal form and height, the invagination gradually disappearing; their ciliation is sparse, many cilia lying flaccid against the border, the remainder beating feebly. No signs of a return to the highly motile border was observed, although the preparation remained apparently healthy for If hr. In the preparation figured, extrusion was complete j in 30 min., every stage passing gradually into the next, and it was therefore possible to time the various events by stop-watch. By timing five such sequences, in differ-1 ent preparations, it was possible to gain some idea of the extent of variation. It was found that at room temperature, with a pH of the contents of the freshly excised gut (estimated by phenol red against a colorimetric standard), varying between 7*2 and 8*1, the time of attaining the three stages, beginning of invagina tion of the border, reaching of the exterior by the papilla, and the completion of extrusion, varied between the respective limits 4 to 5, 17 to 20, and 27 to 34 min.
The above sequence of events is typical of some instances only, in others, extrusion occurred rather differently. A second process may be followed from figure 7, by reference to the middle gland. Broadly speaking, its behaviour is similar to that already described, but stage II and following stages show some significant differences. Firstly, the extruded cytoplasm appears as a clear, spherical droplet, devoid of zymogen vacuoles. Secondly, the tips of the ciliated cells dp not move far apart, and the droplet arises from a papilla passing through a relatively narrow gap. Thus, instead of disappearing quickly, the papilla persists, and forms a progressively attenuating column, as its expanded outer end is pushed farther away from the epithelium, on the tips of the surrounding cilia. Eventually, the column, stretched to the breaking point, ruptures, and liberates a clear vesicle (stage Va) which swells, disintegrates, and sets free its contents.
A further difference is that only the cytoplasm at the extreme tip of the gland cell is extruded. The most significant difference, however, is in the timing. Up to the stage of the papilla reaching the surface, the events proceed with much the same speed as th at noted above, and moreover with little variation, but the elongation and rupture of the papilla, and separation of the vesicle, may take from | to f hr. after stage IV has been attained.
Taking the last two differences in conjunction, it is clear th at the second process is much slower than the first, a fact which is strikingly obvious when the two are viewed side by side. However, when the two series of events are considered in the light of many observations it is evident th at apart from the difference in speed at which extrusion is accomplished and the fact th a t in some cases, the size of the opening between the tips of the ciliated cells is wide, and in others narrow, there is no constant difference between them. So far as all the other differences noted above are concerned, they are obvious only because the two series of events cited, happen to be two extremes, between which all intermediate conditions can be observed. Again, although generally speaking, gland cells lose much more of their substance by the first method, than by the second, the distinction cannot be stressed, as protracted observations on the behaviour of a single gland cell have proved im practicable, and it is possible th at the slower process may be repeated several times in succession.
I t is most significant, however, th at the two constant differences are associated, for the first, relatively rapid process, is always associated with extrusion through a wide opening between the ends of the ciliated cells, and the second slower process, with extrusion through a narrow one. This at once suggests th at a deciding factor Vol. 135. B.
is associated with the ree border of the epithelium. A study of sections reveals that this factor is probably the presence or absence of the pore-ring for when glands have been fixed in the act of extrusion, clear indications of the first (more rapid) method, are invariably associated with the absence of a pore-ring, those of the second, with its presence. Indeed, even when there is no obvious indication of extrusion in sections, it is significant that when there is a wide gap in the epithelial border over the tip of a gland cell, a pore-ring is always missing. The fact that the converse does not always hold good does not refute this view, since a gap may have been fixed as it was forming, or closing. Thus two types of extrusion can now be distinguished, one, which I propose to designate restricted extrusion, occurs where the epithelial border has a restricting influence, the other, which may be termed unrestricted extrusion, occurs where the epithelial border has no such influence. The former is associated with the presence of a pore-ring, the latter, with its absence. It is immaterial whether the preparations are mounted in modified Ringer, blood, or coelomic fluid, for both types may be seen in all these fluids, and moreover there is a constant association of activity in glands and in their sheath of ciliated cells.
In view of the evidence of the limiting power of the pore-ring presented above, it is pertinent to consider whether there is evidence of such power ever being great enough to prevent extrusion altogether. Gurwitsch (1901) merely hints cautiously at the idea of the pore-ring having some significance in extrusion, in saying of it ' Ob das Ganze eine eigenthumliche Vorrichtung fur Excretionszwecke ist, lasst sich mit Sicherheit nicht sagen'.
For the moment, it is not possible to answer this question with any degree of certainty, but under experimental conditions, it is certainly possible for events in the epithelial border to get wholly out of step with those in the gland cells. As a result, either abortive papillae are produced, which though growing out from the tip of the gland towards the free surface just as in extrusion, are halted in the hypobasal zone and eventually retracted, or conversely, pores are formed in the epithelial border over the tips of the glands, and yet no changes characteristic of extrusion are visible in the latter. Such observations are suggestive, though nothing more, of a system of control vested in the epithelial border, which is wider in scope than the purely flow-restricting function already envisaged.
Analysis o f the process of extrusion
From the foregoing observations it appears th at the ciliated cells take an active part in extrusion, by pressing against the gland cells, constricting them, and forcing out part of their contents. However, it must be emphasized that even if this be true, it is certain th at all the changes undergone by the ciliated cells during extru sion are by no means essential to the process, for sometimes gland cells have been seen to extrude, without any significant change in the surrounding ciliated cells, other than a slight swelling of their middle region. I t is evident therefore, that there may be an alternative explanation of the observed events, namely, that the glands may be the active agents, and by swelling and consequent change in shape, may effect a complementary but passive change in the ciliated cells.
I t now remains to decide between the two alternatives. If the former view is to be maintained it must be shown th at the ciliated cells, by changing their form in the way described, can exert a significant pressure on the adjoining gland. That this is so, is indicated when events take a slightly abnormal turn, as in figure 7 . Here, the ciliated cell on the right side only of the middle gland cell, exhibited the marked change of form already described. That on the left, merely swelled slightly in the middle. If the view th a t the ciliated cells exert pressure on the gland cell during extrusion is correct, then obviously greater pressure should be exerted from the right side than from the left. A comparison of stages I I I and IV clearly sub stantiates this, for the axis of the gland cell is swung out of the vertical and over to the left. At the same time, the gland cell on the extreme left is grossly distorted, and extrudes abnormally, as shown by the fact th a t extrusion, though beginning with the production of a papilla ( p . i. ), ends by the bursting from the base of the gland cell owing to rupture of the border, while the apical contents, which are normally extruded, remain inside the cell beneath the abortive papilla. No doubt it is the sudden release of the contents by rupture, which permitted the marked change in orientation.
Further substantiation comes from the fact th at it was frequently possible to induce changes which are an exact replica of those seen in the living ciliated cells, by adding 0-05 % NH 4QH to the modified Ringer. Since the response occurred in the cells of the epithelium around spaces left where a gland had either been expelled, or had discharged most of its contents, it is obviously active, and not merely a passive reflexion of certain changes in the glands.
These observations a t once raise the question as to whether the whole process of extrusion occurs by the action of the ciliated cells. Similar experiments to the foregoing indicate th a t this is not so, for changes characteristic of extrusion can be induced in ciliated cells, and yet their accompanying gland cells, even though loaded with zymogen vacuoles, and provided with a passage through which to extrude owing to changes in the epithelial border (see below), do not extrude a t all. Such experiments show th a t some particular physiological state of the gland cells must be attained before extrusion can occur, and afford striking support for the views of Hirsch (1931) concerning restitution.
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The significance of the intracellular fibrils and jpore-ring
From the foregoing evidence it is clear th a t extrusion from the intestinal glands may involve co-ordinated activity in both gland cells and ciliated cells, and in view of the well-defined changes in shape th a t occur in the latter, they must be endowed with marked contractility. I t is therefore pertinent to seek evidence of appropriate structural differentiation in the ciliated cells, and in view of what has already been described of their structure, the intracellular fibrils a t once come to mind. The idea agrees, not only with their remarkable degree of development and prominence, but is supported by other evidence from both living and fixed tissues. Firstly, it is significant th a t the fibrils are most prominent in living preparations, during the early stages of extrusion, when the change in form of the ciliated cells is just beginning (see figure 7, i.f.) . Indeed, the fibrils were not observed until extrusion commenced, and later on, as the changes in form of the ciliated cells became greater, they disappeared from view ( figure 7 stages II et seq.) . At the stage of greatest prominence, they often stand out very clearly where they fan out over the tips of the glands, and in optical section, appear as a row of bright dots.
Secondly, when the fibrils remain visible throughout the process of extrusion, they may be seen to shorten with the ciliated cells, always pursuing a more or less Figure 8 . Portion of the intestinal epithelium of a young earthworm, with a gland cell fixed in the act of restricted extrusion. Fixed in saline Flemming-without-acetic (Young s modi fication), stained Heidenhain's iron-haematoxylin ( x 3250). The worm was fixed after being placed for 4 hr. in a slightly moistened mixture of agar and com flour, following a period o 5 days' starvation. Note. The flanks of the extruding gland are seen by transparency through the over-lying ciliated cell (on the left), and discharged gland cell (on the right), d.g.c. dis charged gland cell; e.g.c. extruding gland cell; e.z.g. zymogen 'granule' in vacuole of extruded cytoplasm; g-i-f-intracellular fibril appearing granular; n.d.g.c. nucleus of discharged g an ^ cell; p.r., p.r.', parts of double (?) pore-ring seen in optical section; z.g. zymogen granule within vacuole. Other letters as in preceding figures. straight course, and never becoming markedly sinuous. The fibrils are therefore unquestionably either contractile or elastic.
Finally, although their contractility has not been demonstrated directly, the fact th at owing to their disposition (see p. 363), their imagined contraction could bring about the changes in shape observed in the ciliated cells, constitutes valuable indirect evidence for such a property. Thus not only would their contraction diminish the height of the cell generally, but the free end of the cell, being supported on either side by adjoining glands or ciliated cells, would not be pulled down by the fibrils so readily at the sides as in the centre, which is relatively unsupported. This would account for the invagination actually observed. Now th a t the meaning of the changes in form of the ciliated cells has been interpreted, it is easy to advance an explanation of how the pores through which extrusion occurs are formed, at the same time clarifying the possible significance of the intracellular fibrils and pore-ring, and accounting for their structural relation ships. The observed invagination of the free end of the ciliated cells, in the first place, will subject the free border of the epithelium to a lateral stretch (figure 9). The tension will probably be increased by swelling of the tips of the glands beneath • I (see p. 367), and since a component of the force they exert will act vertically, the point of maximum strain will be in the region where the ciliated cells are contiguous as they arch over the gland cell. I t is not surprising, therefore, that it is precisely in this region, that the continuity of the border is seen to be broken, the ciliated cells parting along their line of junction, forming a channel through which the cytoplasm of the gland cell tip is pushed out as a papilla.
Froni such an inference it follows th at the pore-ring is centred in the region of maximum strain, added to which it is obviously in the most effective position possible for limiting the size of pore, and rate of outflow. Further, the continuity of the pore-ring and intracellular fibrils is similarly explained, for the attachment of one end of the latter to the basement membrane, would provide an anchoring support for the pore-ring against the postulated up-thrust exerted by the gland cell during extrusion, as a result of its own activities, or those of the ciliated cells, or both.
Summary of evidence concerning extrusion From the foregoing it is clear th at extrusion from the intestinal glands involves two series of events, firstly those in the glands, and secondly those in the surrounding ciliated cells. The two are complementary, and normally proceed in harmony, but they are not mutually inter-dependent,' for under experimental conditions the two may 'get out of step ' to a varying degree, and one series of events may even occur without the other, usually to the detriment of the process as a whole, which may, as a result, be abortive.
So far as the gland cells are concerned, extrusion consists of the discharge of a variable portion of their cytoplasm and its contents, through a channel between the ciliated cells, when a particular stage of their life has been reached. In this, they are assisted by the ciliated cells, the function of which in extrusion appears to be threefold, first to assist by exerting pressure on the glands, secondly to aid formation of the channels in the epithelial border by invaginating and thus exerting a force tending to pull apart their free ends, and thirdly, in restricted extrusion, to limit the rate of discharge. These functions seem to be vested in their powers of contraction, their intracellular fibrils, and their pore-rings. The mechanism is diagrammatically summarized in figure 9.
D iscussion
Several conjectures, but no observations, have previously been made concerning the process of discharge of secretion from the intestinal glands of earthworms. Greenwood's conjectures that the secretion is discharged through channels in between the ciliated cells of the intestinal epithelium, and that the glands varied in their rates of discharge are fully substantiated. On the other hand, certain ideas th at have been advanced concerning the relation between extrusion and the supposed phasic changes in the epithelial border cannot be substantiated. Thus the statement made by Gurwitsch, quoted on p. 367, concerning the concomitant changes during extrusion in the glands and in the free border of the epithelium, is not confirmed. Neither is Greenwood's statement th at the extent of ciliation of the epithelium varies directly with the number of, secretion granules in the glands.
Again, there is no evidence th at the glands extrude simultaneously as indicated by Schneider's conjecture: 'Diese muss sich ziemlich gleichzeitig bei alien Zellen abspielen, da haufig ganz allgemein die Zellen vollig sekretleer sind und dann sehr diinn erscheinen. ' Nevertheless, structural changes in the border do occur in life, for, as stated on p. 368, the number of active cilia may be considerably reduced, the basal granules and outer zone may become indistinguishable. I t is emphasized, however, th at these appearances must be interpreted with great caution, as they do not necessarily represent a true change in structure. Thus the reduction in ciliation is in many cases only apparent, due to the cilia ceasing to beat, becoming flaccid, and lying closely applied to the surface of the epithelium, where they can be detected only with difficulty. If, however, the saline in which the preparation is mounted, be replaced by fresh fluid containing 0-05 % ammonium hydroxide, the flaccid cilia rise up in quick succession, as the fluid passes over the epithelium, resume their beat with great vigour for a minute or so, and then return to the flaccid state. Again, when the invagination of the free border of the ciliated cells occurs during extrusion, they are considerably distorted, and the observation of details in the border is not easy. Under such conditions, it is clearly dangerous to attribute the invisibility of features so minute, to a change in structure.
At this point it is appropriate to consider critically the validity of the observa tions recorded in this account. Three main objections have been raised against accepting appearances such as those previously described, as due to extrusion. Firstly, they have been held to be the result of osmotic disturbances, due either to fixation, or to the use of fluids other than the animal's own tissue fluids for mounting living preparations (Vignon 1899; Petersen 1912; de Boissezon 1930) . Secondly, they have been ascribe^ to the compression of living tissues and thirdly, to trau matic shock following removal of the tissue for examination (Vignon 1899) .
Considering these objections in order as applicable to the preceding observations, if the first is to be allowed, then since the appearances of extrusion in living and fixed preparations of Lumbricus agree so closely, it must be assumed th at they are the result of osmotic disturbances in either instance. Such a conjecture would agree with Vignon's observation th at 'phosphate de soude', 'chlorure de sodium' and 'solution de sucre' etc., in concentrations described as 'indifferentes', when placed in contact with the epithelium lining the gut of Chironamus larvae, produced appearances similar to those attributed by many workers to extrusion. Again, Wigglesworth's observation (Wigglesworth 1931) , th at osmotic disturbances due to fixation, or immersion in saline, produced in the malpighian tubes of Rhodnius, artefacts similar in appearance to what has many times been described as extrusion, offers more justifiable grounds for the contention.
In earthworm, however, since the appearances interpreted as extrusion can be seen in excised tissues, not only in modified Ringer, but also in blood and coelomic fluid taken from the same worm as the tissue, it is unlikely th at they are due to osmotic disturbance.
The objection on grounds of possible effects of mechanical pressure is less easy to refute, especially since Greenwood (1892) has described the production by com-pression, of bladders from the intestinal epithelium of Lumbricus. However, in view of the precautions taken to obviate the effects of mechanical pressure (p. 360), it is not considered to be a significant factor, and moreover it is noteworthy th at the bladders mentioned by Greenwood are not described or figured as having any relation whatsoever to the glands. Quite apart from this, however, it is question able whether an objection on the grounds of an imaginary compression could be sustained in any event, for the preceding account has shown th at pressure generated within the living epithelium may be an integral factor in extrusion. Even therefore if the bladders produced by compression in the intestinal epithelium of earthworm, noted by Greenwood, were produced from glands, it is not justifiable, on these grounds alone, to reject them as compression artefacts having no relation to normal extrusion.
W ith reference to the third objection, it is not practicable in living preparations to eliminate the possible effects of traumatic shock, for all attempts a t observing the intestinal epithelium in situ proved unsatisfactory. No such objection could be raised, however, against the extrusion observed in sections of earthworms th at had been fixed whole.
Finally, the generally uniform appearance of extrusion in Lumbricus,. obtained after using a wide variety of fixatives under varying physiological conditions, its close correspondence with th at of extrusion seen in living preparations, and, above all, the presence in the epithelium of well-defined structures so strikingly adapted for participation in the process described, can leave but little doubt th at it is a normal function and not a mere artefact.
Undoubted artefacts can arise in fixation, but they are clearly distinct from the manifestations of extrusion already described. Thus clear or granular vesicles of cytoplasm, resembling those seen in extrusion, have occasionally been seen arising in large numbers from the free border of the epithelium in preparations fixed in saline Flemming-without-acetic, or Champy. They are easily distinguished as fixation artefacts, for nothing like them was ever seen in life, and moreover they arose chiefly from the ciliated cells. In the few instances where they could be traced to gland cells, they had no obvious relation either to papillae or pore-rings. The fact th at two fixatives which are noted for their faithful fixation of cytoplasm, can produce such effects, illustrates the necessity for correlating observations on fixed and living material (previously emphasized by Buchmann 1928), and for the maintenance of constant guard against artefacts.
The intimate co-operation between glands and ciliated cells in the accomplish ment and control of extrusion is significant, as I have been unable to find such co-operation demonstrated elsewhere, though Polowzow (1903) supposed that the ciliated cells of the pharyngeal diverticulum of earthworms had a somewhat similar function. The co-operation is all the more interesting since the two types of cell commonly occur together in similar relationship in epithelia, and their co-operation in extrusion may perhaps be widespread. So far as the assistance given to extrusion by the ciliated cells is concerned, the process in earthworm parallels th at described as extrusion by Needham (1897), occurring in certain cells in the gut of dragon-fly nymphs, and apcomplished with the aid of compression resulting from the activities of the surrounding cells. Again, it parallels instances where pressure assisting extrusion is said to be produced by the action of a specialized investment of muscle fibres, as in the sweat glands of ruminants (Brinkmann 1911) , and the salivary glands of Helix (Pacaut & Vigier 1906) , or by myo-epithelial cells (the so-called 'basket' or 'basal' cells) as in the salivary glands of mammals.
I t is now appropriate to mention other suggestions th at have been advanced as to the way in which extrusion occurs. Vignon (1899 Vignon ( , 1901 , Renaut (1911 ), Tchang Yung-Tai (1929 ), Fraser (1929 and many others, maintained th at extrusion could occur without visible alteration in the gland. Others, such as Anderson (1884) , Covell (1928) and Weatherford (1929) , described extrusion taking place by cyto plasmic vacuoles in the secretory cells rising to the surface and bursting to discharge their contents into the lumen of the gland. Others again, such as Van Gehuchten (1890), Poyarkoff (1910 ), Brinkmann (1911 ), Hirsch (1918 , Buchmann( 1928 ), Jeffers (1935 , Williams (1939) and De Robertis (1942) , maintained th a t certain glands may extrude by more than one means. Such observations provide not only an indication that, as in Lumbricus, the process of extrusion in a particular type of gland may vary, but also a possible, connecting link between what have seemed opposing views concerning extrusion. Further, as in Lumbricus, the variation in behaviour of the sweat glands of ruminants and the gut glands of described by Brinkmann and Buchmann respectively is so marked as greatly to diminish the usefulness of the widely adopted division of glands into the 'holocrine ' and ' merocrine ' categories proposed by Ranvier (1887) , even when used in conjunction with the more recently adopted intermediate category of 'apocrine' (see Maximov & Bloom 1942) . Though the intestinal glands of Lumbricus usually behave as apocrine glands, only the tip being discharged during extrusion, this is by no means universal, for indications of holocrine behaviour occasionally appear in sections, where cells appear to be extruding their entire contents, and all grades between the two may be distin guished. The only useful distinction th at can be made between the glands is th a t given on p. 372, based on their rates of extrusion, but it is emphasized th at even this depends on structural features outside the gland.
The flexible behaviour of many glands, and more especially those reported by Jeffers (1935), Williams (1939), and De Robertis (1942) , indicates the possibility of glands extruding in several distinct ways, dependent on physiological conditions. Thus, although the preceding account of extrusion in Lumbricus covers all the visible manifestations of the process yet observed, the possible existence of other means of discharge, which like the filtration or exudation processes envisaged by Vignon, Renaut, etc., would not necessarily be revealed by the technique used here, must always be borne in mind.
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